
NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

TECHNICAL NOTE 2807

MEASUREMENTSOFTEMPERATUREVARIATIONSINTHEATMOSPHERE

NEARTHETROPOPAUSEWITHREFERENCETO AIRSPEED

CALIBRATIONBYTHETEMPERATUREMETHOD

By LindsayJ. LinaandHarryH. Ricker, Jr.

LangleyAeronauticalLaboratory
LangleyField, Va.



---

.-. ——--- . .. —----. —. . . . . .——- -a-. ,------- .. -?” “IQ

*

.

NA’1’lUNALAUV J-SUM UUMM1’l-l’ELCi.F’~JXAt!iJXUIWUJI1.Ub

TECHNICALNOTE2807

MEASUREMENTSOF TEMPERATUREVARIATIONSIN THEATMOSPHERE

NTMRTHE‘IROPOPAUSEWITHREFERENCETO AIRSPEED

CALIBRATIONBY TBETEMPERATUREMETHOD“

By LindsayJ. LinasndHarryH: Ricker,Jr.

SUMMARY

Detailedmeasurementsof pressureandtemperatureweremadein
constant-speedlevelflight,in low-speedclimbingflight,and in a high-
speeddiveandpull-upwitha jetffghterairplaneforthepurposeof
obtaininginformationon the accuracyof thetemperaturemethodof air-
speedcalibration(NACATN 2046). Themeasurementsweremadenesxthe
tropopauseoverlandin thevicinityof LangleyField,Va., on cleard~s
withfewor no clouds.The dataweretakenby meansof a thermometer,
describedin thepresentpaper,whichwasdesignedby theLangleyInstrument
ResearchDivisionto meetthelow-lag,hi@-recoveryrequirementsof the
temperaturemethod.

Measurementsmadein low-speedclimbsindicatedthatthevariations
of temperaturewithpressurewereverysmoothwhenthelapseratewas
closeto adiabaticand severaltemperature-pressuresurveysagreedcloselyy
althoughspacedseveralminutesapartwithno effortmadeto repeatthe
surveysin the sanepositionin theairmass. On theotherhand,when
thelapseratewas small(betweenisothermalandNACAstandardfor air
belowthetropopause),variationsof temperaturewithpressurewereirregu-
larandchangederraticallywithtimeanddistance.Evsd.uationof the
airspeedcalibrationof the jetfightermadewhenthe conditionswere
leastunfavorableto themethodshowedan undesirablylargescatterof

‘2.5 percentof impactpressureatthe static-pressureerrorof about-
a Machnumberof about0.8.

INTRODUCTION

A methodof airspeedcalibrationin whichtemperaturemeasurements
areused,referredto in thispaperas the “temperaturemethod,”was

\

describedin reference1. Thismethodofferstheadvantagesof flexi-
bilityof flightoperation(sinceallthenecessarymeasurementsaremade
by instrumentscerriedin theairplane)andeaseof dataevaluation.The
accuracyof thetemperaturemethod,as shownin reference1, improvestith
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increasedaccuracyof themeasuredquantities,increasedrecoveryfactor .@.”

of the-thermometer,increasedspeed,anddecreasedtemperature lapserate
in theatmosphere.

— ,:-.
.

Althoughthetemperatureme-tkodwasdescribedIn reference1, no
experimentalverificationwas availableat thetimeof publication; .-
furthermore,althoughtheaccuracyof themethoddependson thevariations ‘ ‘“
of–atmospherictemperatureoversmaK”verticalandhorizontaldistsnces
and smallintervalsof time,verylittleinformationconcerningthese
variationswasthenavailable.Measurement~of”the ‘variationsof tempera- - _
tureandpressurehavethereforebeenm-dein order“toprovidesomeinfor-
mationon theaccuracyof thismethod. Thedata,obtainedfromflights
of a Jetfighterairplaneoverlandin thevt”cintty~ofLa@ey Field,Vs.,
fromFebruaryto”September1950;inclu”dedmeasurementsmadein low-speed
climbingflightsanda diveat highsubsonicspeedsin theatmospherenear
thetropopause.An airspeedcalibrationwasmadeforthediveandpull--

—.

up (theevaluationsforthediveandpull-u-p,obta”inedon.adaywhenthe
variationsof temperaturein theatmospherewerebelievedto be theleast
unfavorableto thetemperaturemethod,aretheonlyhigh-speeddatapre-
sented)andcovered.a ramge“ofMachnumberfrom0.6lo 0.8,withthepull-
up reachinga maximumnormelaccelerationof 2g: .

Thethermometer,whichwasusedforthetestBanddescribedin this
paper,was speciallyconstructedto meetthelow-lag,high-recovery 6
requirementsof.thetemperaturemethod.Althoughthethermometerwas
designedby theNationalAdvisoryCommitteeforAeronauticsfuruse in
flightresearch,i-y slsoproveusefulfordetail~dmeteorological
studiesof temperaturevariationsin theatmosphere. —

SYMBOLS

P’ measuredstaticpressure

P free-stresmstaticpressure

qc‘ measuredimpact~ressure

qc free-stresmimpactpressure

Ap static-pres6ureerror

M’ indicatedMachnumber

M Machnumber

----

i

*
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K temperaturerecoveryfactor

T free-streamtemperature,absoluteunits

Tm measuredtemperature,absoluteunits

T1 temperaturedefinedby equation(6), absoluteunits

t! temperaturedefinedby equation(6) reducedto ‘C

INSTRUMENTATION

The instrumentsinstalledin theairplaneforthesetestswere: a
static-pressureandimpact~pressurerecorder,a statoscope,andthe
thermometer.Themeasurementswererecordedon photographicfilmand
alltherecordswer&synchronizedby a O.1-secondtimer.

Static-pressureandm impact-pressurerecorder.-The instrument
recordedstaticandimpactpressuresmeasuredby meansof a pitot-static
headmountedon a boomabout1 fuselagemaximumdim.ueteraheadof the
fuselagenose.. Theerrorsin statica?+dimpactpressurescausedby the
lagin theconnectingpressurelineswereinsignificant.Thereading
accuracyfor staticpressurewasabout+0.5millibarandfor impactpres-
sure,about+0.17millibar.

Statoscope.-Therecordingstatoscopewasusedto determineaccu-
ratelychangesin staticpressqreovertherangeof pressuresin the sur-
veys;staticpressuremeasuredby thealtimeterat a startingpointin
the surveyswasusedas a referencepressure.Thereadingaccuracyof
the statoscopewasabouttO.12millibar.

Thermometer.- The thermometerwas speciallyconstructedto minimize
conductionandradiationerrors,to have’ahighrecoveryfactor,andto
haveas lowa the lagas practical.Thethermometerdesignincorporated
a Wheatstonebridge,onearmof whichwas an adiabatic-typeresistance
sensingelement(fig.1).

In orderthaterrorsin temperaturecausedby variationsin thepower
supplyto theWheatstonebridgemightbe madenegligible,a powersupply
was developedwhichconsistedof a 1.5-voltignitiondrycellmounted
withina boxheatedby a 27i5-voltdirect-currentsupplyunderthermo-
staticcontrol.Theresultantpowersupplychangeditsvoltageat a rate
of 0.07percentperhourwitha bridgeload of approximately10 milli-

., amperes.In orderto ascertaintheaccuracyof thispowersupply,the
batteryvoltagewasreadon a high-accuracypotentiometerimmediately

.
.
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.

beforeandaftereachfli@tflhichlastedabout1 hour. Fromtheaver-
ageof thereadings,the.accuracyof thepowersupplywasbelievedt-o
be about0.1percentor betfer.Thisvariationinpowersupplyresulted

.

in an errorof 0.02°C or lessin temperature.

Thetemperatu”wasrecordedon an NACAoscil~ograph.A checkof
thetemperaturemeasurementsduringoneof thefli@ts wasmadeby using
twothermometersandoscillographsof thesamedesign.Theoscillographa
indicated.4moccasionaldifferencein temperatureof no morethan0.3°C
anda standarddeviationof’+0.080C, basedon approximately200measure-
ments. Thereadingaccuracyof theoscillographrecordwasabout*0.05°C.
Therecoveryfactorof the sensingelementwasfoundto be 0.99;however,
theuncertaintyof themeasurements”duringcalibration(madein theLazigley
InstrumentResearchDivisionwindtunnel)wasabout+0.01. Frommeasure-
mentsmadein thewindtunnel,thetimelagof thethermometerwascom-
putedto be about0.1second’fortheconditi&se?lc?mntm+din these
flighttests. Theresultingerrorin temperature<ueto tiqelagwas
lessthanO.1°C durtigthedive,andno correctionforlagwasapplied

.-

to thedata.

FLIGHT,PROCEDURES

~“- Vsxiationsofitemperaturewithatmosphericpressurewere

.

measuredin climbsof a jetfighterairplaneat a ccumtantindicatedair-
speedof about200milesperhour. Surveys of thevariationof airtem-
peraturewith.hori.zontaldistanceparallelahdperpendicularto predicted
isothermallineswerealsomadeat aboutthesames~eedfora constant”
nominalaltitudeof 25,000feet. Thetemperaturesurveysin theclimbs
weremadefromabout23,000to 31,000feet. SurveysfromFebruary21 to
March10 weremadein straightawayclimbs,andlatersurveysweremadein
SpiI@ Climbs,A.pilotlslogof theoperatingconditionsduringthesur-
veysis-givenin tableI. Ir”general,theclimbsurveysconsistedof
shortrecordsof staticpressure,impactpressure,andtemperaturetaken
by thepilotat 500-footintervalsof altitude;but,fora fewofithesur-
veys,continuousrecordsweremadeduringtheentireclimb. The surveys
weregenerallymadeon cleardays;however,on a fewoccasionsthincirrus
appearedin thevicinityof thetests.

Dive.- Thedive(madeon April13)~e~iately fillowedthefirst-
surveyandwasmadetowardthecenterof thehelixdescribedby thespiral
climbof thefirst‘survey.A rangeof Machnumberfromabout-0.6to 0.8
wascoveredin thedivewhichendedwitha 2g pull-up.Thedivestarted
at about33,000feetandendeda&about27,000feet&J.titude,withan
approximatehorizontal.distanceof 4 milesbeingcovered. *-

,
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DATAEVALUATION

Low-speedtemperaturesurveys.-Variationsof atmospherictempera-
turewith~ree-streamstaticpressureweredeterminedfrommeasurements
of impactpressure,staticpressure,andtemperatureby usingthefol-
lowingbasicrelations:

pap! - Ap

q= = qc’+Ap

(1)
s

(2)

{

M= 5

.

(3)

(4)
.

The static-pressureerror Ap hadpreviously
airspeedinstallationoverthe smeedramzeof

beendeterminedforthe
the surveys(approx.

200mph indicatedairspeed)by mems of ~ NACAtrailing-airspeedhead.
Thevaluesof atmospherictemperaturecomputedfromtheprecedingequa-
tions were plottedas a functionof horizontalairdistance(computed
fromtrueairspeedandtime)in figures2 and3. Thevaluesof atmos-
phericpressureandtemperatureobtainedbytheprecedingequationswere
plottedin figure4 to showthevariationsof temperaturewithpressure
andon an enlargedplotin figure5 as partof thegraphicalsolution
of thetemperaturemethodof airspeedcalibration.

Static-pressureerrorin dive.-In thegraphicalsolutionof refer-
ence1, valuesof staticpressureandtemperaturearecomputedat a
giveninstantin thedivefromtherelationsgivenin thispaperas
equations(3)snd (4)by usingthemeasuredvalu”esof staticpressure,
impactpressure,andtemperature.and several.assumedvaluesof Machnum-
ber. Thesevaluesof pressureandtemperaturemay thenbe plottedand
fairedon the ssmegraphon whichthedataforthelow-speedsurveysare
plotted.The intersectionof thisfairedlinewiththelinerepresenting
thetemperature”
staticpressure

surveyobtainedat low speedsdeterminesthefree-stresm

.

.

at thatinstsntin thedive.
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Thegraphicalsolutionsuggested“in
withoutlossofaccuracy.Since,overa
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.
ref~pence1 maybe simplified
smallintervalof free-stresm

staticpressureandtemperature,-thecomput@”poigtsfallverynearly
*..–

on a straightline(withintheaccuracyofithe-graphicalsolution),only
onepointand”theslopqof the”linemtistbe established.me–slopeof. .-

thelinemaybe determinedto sufficientaccuracyfromthemeasuredvalues
.-—

of staticpressure,impact”pressure,andtemperatureby usingtheequations

. .1-

T’ =

andthefollowingex~ressionfor

%

1 +o.2iM~2

theslop@:

~= 3.5p’ 1 +0.2KM’2
dT1 ml 1 + o.m’2

(5)

(6)

(7)

Forthesetests,whichcovereda Machnumberrangefrom0.6to 0.8@
in whicha thermometerhavinga recoveryfactorof 0.99wasused,the
slopewascloselyapproximatedas

Q’_ _ 3.54P’
dT1 T’

(8)

A linehavingthisslopewasthendrawnon thegraph(fig.5) throughthe
point(p’,T’)andmadetq ig~ersect.thelinerepresentingthelow-speed
pressure-temperaturesurvey. If no appreciablecha@ets”assumedIn the
variatianof ambienttemperaturewithsmbientpressurein theinterval
of timebetweenthesurVeyahdthedive,thevslue~f thepressureat the
intersectionis thefree-streamstaticpressure.The static-pressure
errorwasthendeterminedas thedifferencebetweenzueasuredstaticpress-
ure andfree-streastaticpressure.

●

. —

.-

.—

.

.
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RESULTS

Thevariationsof free-air

ANDDISCUSSION

temperaturewith

7

horizontalairdistmce
srepresentedin figures”2 ad 3 andthevariationsof free-airtempera-
turewithatmosphericpressureare shownin figure4. A sampleof the
graphicalevaluationusedforthetemperaturemethodof airspeedcalibra-
tionof thediveis illustratedin figure5. Theresultsof theairspeed
calibrationarepresented’infigure6 as thevariationwithindicated
Machnumberof the static-pressureerrorexpressedas pressurecoefficient.

Variationsof ambienttemperaturewithhorizontaldistance.-Varia-
tionsof free-airtemperaturewithhorizont~airdistance(figs.2 snd
3) wereobtainedfrommeasurementsmadein nominallevelflightat abut
25,000feet. Themeasurementswerecorrectedtu a constantpressure
levelof 373.1millibarsby useof thevariationsof temperaturewith
pressureobtafnedfromsurveysmadein climbingflighton the ssmeday.
(Seefigs.J(a)andJ(b).) Theresultsindicatedlittleeffectof direc-
tionon themaximumvariationof temperaturewithhorizontalairdistance,

. althoughthe surveysweremadebothpsrallelandperpendicularto the
predicteddirectionof isotherms.me level-flightsurveysmadeon
February21 showedverylittlechangein temperatureoveran airdis-

. tanceof about5 miles(fig.2). Thelevel-flightsurveysof February27, ,
however,showedlsrgerchargesof temperaturewithhorizontaldistance
(fig.3). Themostrapidchangeof temperaturewasabout3/4°C overen
airdistanceof about1/2mile. Sucha changein t-emyeratureduringsm
airspeedcalibrationby thetemperaturemethodwouldintroduceundesirably
lsrgeerrorsforthe speedrangeof thesetestsinasmuchas a important
aspectof themethodis thatthetemperatureat a givenpressurelevel
shouldbe nesrly”the sameas thatencounteredat the samepressurelevel
in thecalibrationmeuver.

Variationsof smbienttemperaturewithatmosphericpressure.-The
surveysmadein climbingflightat lowspeedarecomparedin figure4
withtheNACAstandardatmospherepressure-temperaturerelationshipand
witha line(dryadiabat)representingan adiabaticvariationof tempera-
turewithpressure.RadiosondedatareportedfromNorfolk,Vs.,although
obtainedat a timedifferentfromthatof the surveys,arealsoshownfor “
comparison.

An examinationof thetemperaturesurveysshowsthat,whenthelapse
ratewas smallor nearlyisothermalovertherangeof atmosphericpressure
surveyed(perhapsa loweredtropopause),thevariationof temperaturewith
atmosphericpressurewasveryirregularad thetemperatureat a given
atmosphericpressureleveldidnotremainconst~tbut changederratically

. withtime(forexsmple,thesurveysmadeon February27,fig.k(b)). On
theotherhand,smoothandregularvariationsof temperaturewithpressure
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seemto be associatedwith.a temperaturelapseratenearlyequalto the
dry-adiabatic.lapserate(forexample,the surveysmade-on March10,
fig.l(b)). The surveysmadeundertheseconditionswereinveryclose .

agreement,althoughspacedseveralminutesapartwithno effortmadeto
repeatthesurveysin thesamepositionin theairmass.

Theresultsof boththeclimbsurveysandthelevel-flightsurveys ‘“-
wereconsistent,sincebothindicatedverylittlechangeof te~erat-ure-
withtime(orhorizontaldistance)at a constant.p~ssurelevelforthe
flight-madeon a day (Febrimry21,figs.2 andl(a))whentheadiabatic
temperaturelapserateprevailed.Undermorenearlyisothermalcondi-
tions(Febru&ry27,figs.3 andk(b))baththeclimbsurveysandthe
level-flightsurveysindicatedlargerchangesof teiuperaturewithtime
(orhorizontaldistance).

Evaluationof airspeedcalibrationby temperaturemethod.-”Inorder
forthetemperaturemethodto be accurate,thetemperaturemustremain
constantat a givenpressurelevel@ therateof””changeof temperature
withpressuremustbesmsllx.rthantheslope”representingtheadiabatic.
relationship.Theequationsforaccuracygiveninreference1 indicate
thatnoneof thepresentclimbsurveysfullymeetstherequirementsfor , h’

an accuratedeterminationof airspeedcalibrationby thetemperature
methodcomparable””toaccuraciesattainableby othermethodsin thespeed
rangeof thesetests. Thesurveyof April13 (fig.-l(e)),however,

.

appesredto be theleasbunfavorable“forevaluat~the temperaturemethod
of airspeedcalibration,sincethetemperatufigradien”tiwas smalland

.—

thereweretwocontinuoussurveys(onemadebeforeandonemadeafterthe
high-speedmaneuver)whichshowedchangesof temperaturethatappearedto
be smallin comparisonwiththe surveysmadeon otherdays. Since a small --

changeof temperatureoccurredbetweenthetimeof the surveymadebefore
thediveandthesurveymadesfterthedive,theaverageof thetwosur-
veyswasplottedto a largerscalein figure5 to representthevariation
of temperaturewithpressureforthea~ospherethroughwhichthedive
wasmade.

Thegraphicaldevaluationof static-pressureerrorforthelatterpart
of thedive(thatpartconsideredleastunfavorable.”totheinethod)andthe
pull-uptideon April13is alsoshownin figure5. Thevariousmeasured
andcomputedvalues necessary fortheev~”uationof‘statfc-pressureerror
at oneinstsmtin thedivearealsoincluded.Thepointson thegraphare
forgraphicalevaluationsmadeat l-secondintervalsin thediveand
pull-up”.

—.

Theresultsof theev~luationof static-pressfieerrorexpressed
as pressurecoefficientp~ -~e shownin fi~-~ 6 alongwiththe

% .
static-pressureerrorobtainedby theNACAtrailing-airspeedheadat
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*
a lowspeed. Fromprevioustestsof fuselage-nose-boominstallations
of pitot-staticheads,the static-pressureerrorwouldbe expectedto

. remainnearlyconstantup to a Machnumberof 0.8. The limitsof uncer-
taintyof thetemperaturemethodwerecalculatedforan errorin free-
streamtemperatureof *l/h”C, witha constantstatic-pressureerror
(equalto kpercentof impactpressure)betigassumedup to a Machnum-

. ber of 0.9. The limitsof uncertaintyforthe caseof a free-stream-
temperaturevariationwithatmosphericpressureequalto thestandard
temperaturegradientandfortheisothermalcasewerecalculatedby
usingequation(7)of reference1 andequation(10)of reference2.

Thevsluesof static-pressureerrorplottedin figure6 as a func-
tionof indicatedMachnumbershowappreciablescatter.Themaximum
scatter,about*2.5percentof impactpressure,isundesirablylsrgein
comparisonwithothermethodsof airspeedcalibration(forexsmple,
il.Opercentfortheradarmethodat M = 0.8,ref.2). An examination
of thepointson thebasisof thetemperaturegradientsat theinter-

. sectionsusedin thegraphicslsalution(fig.5) indicatedas muchscatter
for crossingsneara smalltemperaturegradientas forcrossingsat gra-
dientsnesrertheadiabaticslope. The averageof thetwo surveysthere-. foreprobablydoesnottrulyrepresenttheconditionsof theatmosphere
throughwhichthehigh-speedmaneuverwasperformed.

.
Sincethe surveysweremadeon differentdaysin several.seasonsand

no temperature-pressurevariationswerefoundfavorableto am accurate
determinationof an airspeedcalibrationby thetemperaturemethod(for
Machnumbersfrom0.6to 0.8),thelikelihoodof encounteringa favorable
variationof temperaturewithpressurejustbelowthetropopauseat a
particulartimewhena calibrationmaybe desireddoesnotappearpromising,
and,evenunderapparentlyfavorableconditions,a verycarefulselection
of flightdatais necessary.A morethoroughinvestigation,however,of
temperaturevariationsin theatmosphereat loweraltitudesandin the
stratospherewouldbe desirablefora completeevaluationof thetempera-
turemethodat subsonicspeeds.Theaccuracyof themethodshouldimprove
considerablyat higherspeeds. (Seefig.3 inref. 1.)

CONCLUDINGREMARKS

Measurementsof pressureandtemperatureweremadeneerthetropopause
overlandin thevicinityof LsagleyField,Vs.,on cleardayswithfewor
no cloudsforthepurposeof obtaininginformationon theaccuracyof the
temperature~thod of airspeedcalibration.

Measurementsmadein low-speedclimbsindicatedtQatthevariations.
of temperaturewithpressurewereverysmoothwhenthelapseratewas
closeto adiabaticand severaltemperature-pressuresurveysagreed”closely,

.
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althoughspacedsever-minutesapartwithno efforj--madeto repeatthe ‘

surveysin thesamepositionin theair-mass.On theotherhand,when
.

thelapseratewas small(betweenisothermal.andNACAstandardfurair
belowthetropopause),variationsof temperaturewithpressurewere

‘

irregularandchangederraticallytithttie.Wd.dist@nce~,Evaluation
of thedataobtainedwhentheconditionswereleast..unfavorableto the

.-.

methodresultedin an undesirablylargescatta of t= staticpressure
of abouti2.5percentof impactpressureatq Machnumberof about0.8.

Sincethesurveysweremadeon differentdaysin severalseasons
andno conditionsfavorableto an accuratedeterminationof an airspeed
calibrationby thetemperaturemethod(forMachnumbersfrom0.6to 0.8)
werefound,thelikelihoodof encounteringfavorableconditionsin the
atmospherejustbelowthetropopauseat a particulartimewhena calibra-
tionmaybe desireddoesnotappearpromising.A mgrethoroughinvesti-
gation,however,of temperaturevariationsin theatmosphereat lo~r
sltitudesandin thestratospherewouldbe desirablefora completeevalua-
tionof thetemperaturemethodat subsonicspeeds.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

.

LangleyField,Vs.,July10,1952.
.
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TABLEI

Pm ‘sm OFOmm!!l!mcommmomFORm mm

Date cloudB Turbulence surveytechnique Figlm

‘-!zi-yBrokenCilTUS ill Vici)l.lty Ll@ overentire f3traightawaycliubsfrom ak.mt‘23,003to 31,WQ feet,indicated 4(a)
at at.mt~,CCilfeet. altituderatw **cd abut 200 mph, rateof climbaboutl,mO feetper
Surveysweremade in a ~Fd. minute. Each surveycoveredappmxhataly 30 miles. HeacUnSs
Cleexese’e. mm mt noted.

Straightand levelflightat 2@3 mph indicatedairspeed,parallel 2
end pmpsndicularto predictedisotherm. Surveysat about
~,ooofeet.

-3-50Mot reported. Mild at 24,ow Straightawayckbubsfrm abut +3,CO0to31,@XIfeet,indicated 4(b)
and 28,003feet. ciimpoedabut 200E@, rateof cltibabut l,COO feetper

mimte. Each surveycoveredapprmlniately30tiles@lel
to the predictediBOtberma.

mot rqorted. Moderateto heavy Straightd levelflightat 2Wl mph indicatedaimpeed, pemdlel 3
at ~,003 feet. aid perpendicularto predictedIentbems. SurveyBat about

25,000feet.

-@l F70t repmt.ed . mu frm 23,00ub 6traighta~*6 fmn about23,1xI0t-a31,CQ0feet,indicated 4(c)
30,N feet. airspeedaimut2M3 mph, rate of cUmb aboutl,IMOfeetper
Moderateat 2’f,000 mimte. Each surveycu’veredapproximately30milesp~allel
aod 30,@XJfeet. to the pratictidimthmm. Airmtithe* 2900.

-10+XJriot Iqmt.ed. ‘ Not repmt.ed. StraightawayCIWCJS from abut 23,@Xl b 31,W3 feet,indicated h(b)
aimpeed aboutMM mph, rateof climbabout1,000feetper
minute. Each surveycoveredappmxdm.tely30 milesparallel
b the predcted Imtbeme. MIWraft headi?ngpJoO.
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PILO’P.’SLOG OFOl%Xl&lmGCOnD!IOm~ ~ ~

Date

I
clouds

I
TorMiLence

I
&mvey technique FiSUI

3-15-50Cloud8at 26,@30feet.TurMMnce at spiralclimbsfmm about23,01XIto 31,000feet,indicatedaik- 4(C)
2\,XXI feet. Lisht speedalxmt200mph, rateof climllaboutl,COO feetper
from 2a,m b minute. Anf&eof W about33”held constant,airplaue
29,Guofeet. . on appiwxtaatehelicalpathof 4miles dimeter.

3-3-50notreported. Lightat 28,5.93 Spiralclimbsfromabut 23,000to 31,0CXIfeet,indicated 4(d)
ami 29,WI *et. !dm’psedaboutZOO mph,rateof climbabut ~1,002feetF

rlilluk.Angleof balk aklut330bald Comtellt.Airpkoe
On ~+= ~J-f.A wfi C@ 4 ~les ~=t=.

!-13-50Hot r@mt.-ed. Lightat ~,OCMJfeet,

3-2g-5alrotreported. Hot repmtd.

+
1 1

spiral climbs from almut 23,c00tu3.I,0CY3feet,indicatedair- $(e)
spsedaboutX@ mph, rateof climbaboutl,IX)Ofeetpsr
miuute. A@e of W about3)0 held mnfkant, a&plam
on approximatehelicelpathof 4 milesdiameter.

Spiralclimbsh about23,CMX1’ti31,0LYJfeet @ad one 6piral 4(f)
climbfrom &out 16,co0to ?J.,CXXJfeet,rate of ckkababut
1,000feet per miizute. An@ of W about 3P hlaconstent,
~ on appmximati helical path of 4 milesdimmter.

$pim.1climbsfrm tit 23,W to Q,000feet,indlcateati- 4(f)
speedab!mt2CY3D@, rateof climbappm.imrtely1,W feat
per minute. Augleof bmk aboutW“ kld constant,EirpM?s
on appmximte helkal pathof 4 miles IwOEter.

1

, . . . .
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0.005” thck alumi Supports, I20° apart
shield 0.625” long

holes, 10 percent’ of frontal area

ame winding: Driver -Horris Co.,
$t99 oIloywire;0.001” diam; 100 ohms”

at 80° F; wound openly on 0.005” d)am

piano-wire frome 0.5” long

Figurel.. Adiabatic-typerepiatance sensing element.
L-64976.1
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Approximateair distance,miles

o 1 2 3 II 5 6
-32 1 I I I I

-36 I I I I I I I
0 10 20 30 Lo 50 60 70

tie,.aec

(a) Parallelto predict%disothemis.,230°heading.

●

Approximateair distance,miles

o 1 2 3 L 5 6--
I I i I I

I I I I 1 I I
0 10 20 30 Lo so 70

Time,sec G ““ ““’

(b) Perpendicularto predictedisotherms,140°heading.

Figure2.-Variationof temperaturewithhorizontaldistanceat a
constantpressurelevel. SuYveysmadein straightand level
flightonFebruary21.



.

Approximate air distance, miles

o 1 2 3 4 5 6
-40

7?.
I I I I I I

o

i

~

-L4 [ I I ! I I I 1
0 10 2U 30 llo 50 60 70 80

-.

Time, SSC

(a) Parallelto predictedisotherms,we6theaa (1-5XEm).$“
2
ii’
$

~

1 AP~te ti MJ3taDCe,miles

o 1
. 2 3 4 5 6

-40“
I I 1 I

?

-hil t I I I I I I (
o 10 20 30 Lo 50 60 70

Time, SeC

(b) Perpendicularto predictedisotherms,northhea~g (1552 ESl).

Figure 3.- Variationof temperaturewithhorizontaldistanceat a constant
pressurelevel. Survey~milein straightand levelflighton February27.

G



31xld

25

a

23

2Ntl

4WJ

\

\

El Eo8tolmllm

O 1519t015titEJT

L -52 48 -M -ho -36 -32 -2a

Freeair teqwratx.re, ‘C

(a) February21.

Figurek.-Variationof free-airtemperaturewithatmosphericpressure.
Low-speedsurveysmadein climbtigflight.

,.



,

2&

6ST

SsT

m

B’T

ES’?

m

1
..
(\ \

1,

\

j\

.“(

m-y *t -/ )&b

\

\

)’
uhmst.hrdl \\

1120
-52 -1@ -M 4!0 -36 -32 -20

ROa-d.rt6qlEmatmw, %

“February27 andMarch10.

Figureb.-Continued.
.



. . .

31x lcJ

30

29

25

4

23

WA Stadard

I I I I I
-v v

March15

&---- 412m EsT

k----+ l2~E3T
+-–--+ 1.225MT

v Radiosmd9 221Xl m

-5’ 48 -Ilh 40 -24
Fme-fd.r t45perature, “C +-28

(C) March6 andMarch15.

Figurek.- Continued.

P
co

. . .



, * . ,
I

. .

30x 103

29

28

27

26

25

24

23

Continuoussurvey
1348to135~JEST

1356to 1.406ES’l’

NACAStandard

.

1 I I

-52 -118

(d)

Figure

-4h -40 -36 -32

Free-airtemperature,‘C T

March31.

h.- Conttiued.



20 — NACATN2807

-52

Survey1 0730to0736EST
Survey2 0742to 0749EST

9,\ f
Radiosonde

\ 2200EST

NACAStandard

\

\

Dryadiabat

Survey1

Survey2

I I

(e) Continuous

Figure

-48 -llh -40
Free-airtemperature,‘C

surveysmadeApril13.

4.-Continued.



. * .

I \

(f) hguSt 29 and September1. .

Figureh.- Concluded.



22

290

300

310

$ 320

340

350

-- NAC!ATN 2807

.

.

.

~ Pouitainthediveandpull-up
atl-seeintervals

-[

p - 315.7Mb

P’ - P=9.2Mb

F+?. &~l
q=

Averageof
twoSurveys

-----

‘p!- 3211.9mb-

Ti= 230.).t0K

t!- -llz.tlc’c

Ml = 0.759

~’ - 151.3 *

9

.

360
-117 -lI6 -J.& + 43

Temperature,‘C
+V-b’ .- .._

Figure5.- Determinationof free-streampress~e ifithe diveby the
temperaturemethodby usingthe average””ofthe two surveysmade
in climbingflightonApril.13.



* , .

P’-P
q’c

0 Temperaturenethod

El NACAtrailing-airapeedhead

Calculatedlimitsof uncertainty
for temperature errom of ll/hO C

Starxbdtemperature gradient

–––– - –– Isothermal variation

.06

d

o

\
\

\
.-

‘-
--. z

----

%
-El

--------
/“--// 0

//’
.-

1 I I

06 -—---

%J!
,----- —,..

.5 .6 .7

Hf

Figure 6.-Errorin staticpressuredeterminedby evaluationof surveys
and divemadeonApril13.


